In the version of this supplementary file originally posted online, in Supplementary  Table 1 one entry was missing in the 'Net electric polarization' column, and in Supplementary Table 2 , the roto symmetry groups for items 2, 21 and 22 were incorrect and the Glazer group for item 56 was incorrect. These errors have been corrected in this file, 10 May 2011. Supplementary Figure 1 | An infinite 2-dimensional crystal lattice formed by treating Fig. 1d as a unit cell. The red arrow indicates the symmetry operation (1 | t) ! where t is a translation of half a unit cell in the direction of the arrow. The red color of the arrow indicates the 1 ! operation. 1 2 Fig. 1d . The molecule is defined as the set of atoms at locations 1-through-4, with no two molecules sharing any atoms. One generalized space group operation is (1 | t) ! , a translation "t" of the lattice by half a unit cell parameter in a <100> direction followed by a 1 ! operation (See supplementary Figure   1 ). This operation permutes the atoms of the crystal and is a generalized space group operation of the crystal.
In general, the atoms composing the crystal will be considered as discrete points in space and consequently a mathematical model of the atom arrangement of a crystal with no two molecules sharing any atoms can be given by a scalar crystal density function ρ(r)
Supplementary Equation 1
where r j cm is the center of mass position of the j th molecule and r jk(n) is the position vector of the k th atom in the j th molecule relative to the center of mass at r j cm , and n = +1, -1 represents the two orientations of the j th molecule. An element of a space group G is denoted by
where R is a symmetry operation, v(R) the non-primitive translation associated with R, and t a primitive translation. The action of (R|v(R)+t) on an atomic position !(r ! r j cm ! r jk (n) ) is given by: 
Supplementary Equation 2
The atom arrangement is said to be invariant under the space group element
and the space group element is said to be a symmetry element of the crystal if the operation
The set of all such symmetry elements constitutes the space group of the crystal. We introduce a switching operation, denoted by 1 ! which acts to switch the orientation of the molecules: 3 1 ! switches the orientation of the molecules, i.e. 1 ! n = !n . It follows then that ( constitute the generalized space group symmetry of the crystal. These generalized space groups, where 1 ! commutes with R, have two intrinsic properties: (1) Half the elements are coupled with the switching operation and half are not, and (2) These generalized groups have the same abstract mathematical structure as, and are isomorphic to magnetic groups.
For crystals containing atoms shared by pairs of molecules, as in the antidistorted cubic perovskites depicted in Figures 3a-d , the above equations remain the same. We note, though, that with the model used in Supplementary Eq. (1) with the summation ! j over all molecules and the summation ! k over all atoms of each molecule, shared atoms are double counted. That is, each shared atom is associated with two molecules, and there exists values of indices j, j', k, k', n, and n' such that!(r ! r j cm ! r jk (n) ) = !(r ! r " j cm ! r " j " k ( " n ) ) , and the shared atom is the kth atom of the jth molecule in its n th orientation and also the k' th atom of the j' th molecule in its n' th orientation.
Supplementary Eqs. (4) again determines the generalized space group symmetry of the crystal:
are defined by Supplementary Eqs. (2) and (3) to act on each atom of the set of all atoms of the crystal:
Supplementary Equation 5
Those Table 1 
Defined roto properties in

and literature measurements in antidistorted perovskites
The literature examples cited below are limited to antidistorted structures. Among the "roto" properties that are invariant under ! 1 , 1 ! and ! 1 ! (4th row of Table 1 , main text), Haun 3 measured the coefficients of rotostriction tensor, Q ijkl in the Pb(Zr x Ti 1-x )O 3 (PZT) ferroelectric system, arising from the energy term Q ijkl ! ij " k " l . Haun 3 also measured the biquadratic rotoelectric tensor γ ijkl (without naming it), arising from the energy interaction term ! ijkl P i P j " k " l .
The converse quadratic rotoelectric tensor Q jkl = ! ijkl P i o in Table 1 (main text) also arises from this interaction in a polar state with a spontaneous polarization, P i o . In nanoscale multilayer PbTiO 3 /SrTiO 3 films, the quadratic rotoelectric effect arising from the energy interaction, - 
, is seen in materials below a rotational phase transition temperature, T c such as in titanates 8, 9, 10, 11, 12 and aluminates 12 20 . Direct rotoelectric effect has been observed, namely development of an electric polarization during a twisting deformation 21 .
Linear hydrostatic rotation, defined as ! i = Q i ( p ! p c ) is also reported above a critical pressure p>p c 22, 23, 24, 25 . Piezorotation has been predicted in LaAlO 3 under biaxial strain 26 . The magnitude and sign of superexchange interaction, -J ij S i S j , between Mn atom spins in AMnF 4 (A-alkali atoms) is dependent on the Mn-F-Mn tilt angles, which in turn is related to the octahedral
, which can be termed rotomagnetic exchange 27 . Chiral optical sum frequency generation (SFG) is proportional to p 1 ! (p 2 " p 3 ) , where p 1,2,3 are three different electric dipole transition moments generated by the light fields. The cross product term inverts under 1 ! , hence its sensitivity to chirality 28 . Linear electrogyration effect involves a linear change in the optical gyration tensor, g ij , in an optically active crystal in response to an electric field E 29 .
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The second row in 
Space group analysis of tensor properties
This section derives the predicted tensor forms for quadratic electrorotation ( !" i = Q ijk E j E k ) that 
Supplementary Equation 6
One can now choose a set of linear combinations of !" i (r) , one for each of the eight octahedra listed above, that will preserve the translational symmetry of the Glazer structure. The a 0 + a 0 + c 0 + structure suggests the following: 14 L x = (!" 1, x + !" 4, x + !" 5, x + !" 8, x ) ! (!" 2, x + !" 3, x + !" 6, x + !" 7, x ) L y = (!" 1,y + !" 3,y + !" 5,y + !" 7,y ) ! (!" 2,y + !" 4,y + !" 6,y + !" 8,y ) L z = (!" 1,z + !" 2,z + !" 5,z + !" 6,z ) ! (!" 3,z + !" 4,z + !" 7,z + !" 8,z )
Supplementary Equation 7
Here the subscripts indicate the octahedral number and the component axis. One can now redefine the quadratic electrorotation tensor as L i = Q ijk E j E k . Supplementary Table 3 shows how these order parameters transform when operated upon by the (000)+ symmetry operations of space group ! Immm " 1 .
Supplementary Table 3: Transformations of the order parameter components in supplementary
Eq. (7) , and electric field components E i (i=x,y,z) under the (000)+ set of operations of the space 
The space group I 4 ! / mmm ! ! 1 has more symmetries than ! Immm " 1 , whose transformations are listed in Supplementary Table 4 for the (000)+ set: The (½, ½, ½)+ set of operations for both the space groups duplicate the above tables and hence are not shown.
From the above supplementary tables, one can find invariant terms for each space group.
For the space group 
Supplementary Equation 8
Clearly, the larger number of symmetry operations in I 4 ! / mmm ! ! 1 has reduced the number of tensor coefficients as well as given rise to new equalities between coefficients. handed helix (Fig. 4f ) it spirals up as a right-handed helix (Fig. 4g ), or vice versa. Note that with this definition, in general, (R | T )1 ! ! 1 ! (R | T ) . The additional symmetries are:
Supplementary Equation 10
The translations (1|0 0 n) and the symmetry elements in Supplementary Equations 9 We note that for a single helix, mirror operation such as (m y |0 0 0) performs the same operation as 1 ! . This is similar to a case where a mirror can also invert a single spin;
nonetheless time reversal ! 1 is still required in order to flip spins in a lattice without translating them. Similarly, a single (finite or infinite) helix can be considered analogous to a single spin in this respect. If a crystal is composed of many helices (such as protein crystals), then an appropriate mirror will reverse the handedness of all the helices, but also translate them space. In contrast, 1 ! will reverse the handedness of all the helices in a crystal without translating their center of mass in space.
Supplementary Discussion 5.
Roto symmetries in continuous single and double helix structures
Single continuous infinite helix (Figure 4b)
The conventional symmetry group of this helix is generated by the translation (1|0 0 Λ), and the two operations 
Double helix, continuous, infinite (Figure 4c)
For a general infinite double helix with an arbitrary shift of z = f ! (0<f <1) in the z-direction between the two identical helical strands, Fig. 4c , the symmetry is the same as the single strand helix as can be seen by using a coordinate system where the y-axis splits the two strands. A special case of the double helix is an infinite double-helix with a relative shift (along the z-axis) of half a pitch (f=0.5) between the two identical helices. The generators of the symmetry group of this helix are the same as the two previous helixes except that the translation generator (1|0 0 Λ)
is replaced with (1|0 0 Λ/2). The point group thus remains the same, ! / m ! m ! 2 .
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Crystalline polynucleotide fibers such as DNA Finally, we note that a crystalline polynucleotides fiber of deoxyribonucleic acid (DNA) is composed of double helices. However, each DNA helix is composed of a sequence of four chemical groups, adenine(A), thymine(T), guanine(G), and cytosine(C), with an integral or nonintegral repeats per cycle of the helix 36 . The adenine on one of the helices bonds only with the thymine on the other helix, and similarly guanine bonds only with cytosine. As a consequence, the symmetry group will contain no horizontal mirror symmetries, nor 2-fold perpendicular symmetries. However, in an infinite strand of DNA with screw symmetry of R 1 , (where R can be integral or non-integral rotation axis), the infinite number of vertical mirror symmetries will remain. The point group is then Rm ! .
Supplementary Note 1. 
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